Analysis for calcium, magnesium, phosphorus, oxalate, uric acid, and creatinine in 24-h urine collections is often needed for the differential diagnosis of patients with renal calculi. Considerable attention has been given to improving the methods of analysis,but improper sample collectionand processing can cause significant errors for calcium and oxalate in urine samples not treated with acid and for uric acid in urine samples not treated with base. The errors are related to the concentration of the analyte, the interval the sample is stored before analysis, and the original pH of the urine sample. We describe here a system of sequential acidification (to pH 1.5) and alkalinization (to pH 9) of 24-h urine samples, followed by heating at 56#{176}C for 10 mm. This procedure allows accurate analysis for all the above analytes in the same 24-h collection of urine. We validated the sample-treatment protocol for 80 24-h unne collections. The diagnostic evaluation of patients with calcium oxalate renal calculi often requires measurement of calcium, magnesium, phosphorus, uric acid, and (or) oxalate in a 24-h collection of urine (1). Knowledge of the urinary excretion of calcium, oxalate, and uric acid can be particularly important in these patients because calcium excretion is high in about 30% and excretion of uric acid is high in about 25%, and treatment may be predicated on the biochemical values (2-6).
The diagnostic evaluation of patients with calcium oxalate renal calculi often requires measurement of calcium, magnesium, phosphorus, uric acid, and (or) oxalate in a 24-h collection of urine (1). Knowledge of the urinary excretion of calcium, oxalate, and uric acid can be particularly important in these patients because calcium excretion is high in about 30% and excretion of uric acid is high in about 25%, and treatment may be predicated on the biochemical values (2) (3) (4) (5) (6) .
The solubility properties of calcium, oxalate, and uric acid are quite different. Calcium and oxalate are soluble in acid (7), but uric acid is soluble in base (8). Some clinical investigators have considered these differences in solubilities when collecting samples (3), but it is not clear whether others have done so (6, 9-12). Likewise, major reference laboratories do not seem to consider the differences in solubiity when recommending collection conditions. Of four such laboratories3 whose current catalogs we reviewed, none recommended the collection of urine in base when uric acid was to be measured, four recommended acid for collecting calcium samples, but only three recommended acid when oxalate is to be measured.
Some investigators (2) recommend collecting four consec-system of changing the pH of the sample when it reaches the laboratory, as mentioned by others (13, 14). Our data indicate that an inappropriate pH can invalidate results for some of these analytes, whereas a system of changing the pH plus heating can ensure proper results from a single urine specimen.
Materials and Methods

Analytical Methods
Calcium and magnesium were measured by atomic absorption spectroscopy (Jarrell-Ash atomic absorption spectrophotometer, Model 850; Fisher Scientific Co., Waltham, MA 02254). Phosphorus was measured by an equilibrium method involving molybdate, and uric acid by a kinetic method involving uricase, both in a discrete analyzer ( Stability of Calcium, Oxalate, and Uric Acid The stability of these analytes was assessed by use of untimed urine specimens from normal men or from patients with renal stones. Samples were divided into aliquots and the pH adjusted with concentrated HC1 or NaOH without delay, either before or after the analyte being studied was added. We stored these samples for various periods before assay. In some cases, we then changed the pH of the samples, heated them, and remeasured the analyte.
Assessment of Treatment of 24-h Urine Collections
Eighty 24-h urine samples were collected without preservative at room temperature from patients at Barnes Hospital or Clinics for whom calcium, magnesium, phosphorus, uric acid, and (or) oxalate analysis had been requested. The laboratory processed the urines within 24 h of receipt.
Samples that could not be processed within 2 h were stored at 4 #{176}C. We used the following protocol for processing the urine samples:
1. Use a magnetic stirring bar in the 24-h urine specimen to mix the urine continuously.
2. Remove two 10-mL aliquots (untreated sample).
3. Adjust the pH of the remaining urine sample to pH 
Results
Stability
Uric acid. When uric acid (330 or 630 mg/L) was added to a urine sample stored at pH 5, the values decreased after storage for 24 h (by 260 and 550 mg/L, respectively).
Even after 11 days of storage, alkalinization and heating restored the uric acid concentration to its original value, but neither heating alone nor alkalinization alone sufficed to fully redissolve the uric acid. Results were similar for six freshly collected morning urine samples stored for 24 h (Table 1) .
Cakium. For 19 fresh urine samples from normal men, we found no significant differences ascribable to the sampletreatment regimes, except that samples at pH 9 had values significantly(p <0.005) lower than untreated samples or samples at pH 1.5 (Table 2) . However, the number of outliers found when we compared the different treatments suggests that large differences could occur in some samples if they were not either collected at pH 1.5 or adjusted to pH 1.5 with heating before analysis.
Oxalate. Analysis of a urine sample containing 30.2 mg of oxalate per liter indicated that, after adjustment of the pH to 2.5 and 1.5, the oxalate values increased to 13% and 90% more than the original sample. During the next three days the pH 2.5 and 1.5 samples, stored at 4 #{176}C, gave the same oxalate value while the untreated sample gave progressively lower values (25.5 mg/L after 24 h; 19.9 mg/L after 48 h).
Greater acidification did not further increase the oxalate. When we acidified three random samples of urine top 1, the measured oxalate concentrations increased in all three. Adjusting the pH back to the original value reversed this increase, and the oxalate values were similar to those measured in the original untreated sample. This suggests a pH-reversible dissolution of oxalate salts. However, alkalinization of urine to pH 10 also increased urinary oxalate by 42%, the extent of the increase depending on the duration of alkalinization. Moreover, even after the urine was reacidified, the value for oxalate was 45% higher than that of the original sample treated only with acid. This suggests pH adjustment required 5-10 mL of acidor base, a volume consideredsmall enough to ignore in calculating the total urine volume. 
Assessment of Laboratory Treatment of 24-h Urine Specimens
Having found that acidification or alkalinization with heat could redissolve calcium or uric acid in urine and also allow samples valid storage for at least 24 h, we assessed the influence of our specimen-processing procedure for 24-h urine collections from patients.
For uric acid, most samples gave similar values for the untreated and alkalinized aliquots assayed after one day of tion between the untreated and alkalinized samples being 230, 420, 750, and 770 mg/L.
The mean value for uric acid in the alkalinized samples was 317 mgfL for the 76 samples that showed little difference in values between the untreated and alkalinized samples, a value significantly lower (p <0.005) than the mean value of 881 mgfL for the four discrepant samples.
The 24-h excretion of uric acid for these patients was within the normal reference interval according to the values for the untreated urine but highly supranormal according to the values for the alkalinized samples. The mean difference between the two treatment groups, after elimination of the outliers, was -5.4 mg/L (p <0.005). The uric acid values for the untreated samples decreased with time of storage but were unaltered in the alkalinized samples (Figure 1) . Thus the degree of underestimation of uric, acid in urine samples not treated with alkali depends on the time the sample has been stored before assay and also on the concentration of uric acid in the original sample.
For cakium, three of 78 samples analyzed within 24 h of collection were identified as outliers, the differences between the acidified and untreated samples being +72, -20, and -20 mgfL. As for the remainder of the samples, 22 had differences of -10 to -1 mg/L, 51 had differences of 0 to 10 mg/L, and two had differences of 11 to 20 mg!L. If the three outliers were omitted the mean differences between the two treatment groups was not significant. For 24 samples assayed after seven days of storage, six were identified as outliers with differences between the acidified and untreated samples of 146, 116, 86, 64, 49, and 37 mg/L. For the remainder of the samples, four had differences between -4 and -1 mg/L, 11 had differences between 0 and 10 mg/L, and three had differences between 11 and 18 mg/L. After omission of the six outliers, the mean difference between the two treatment groups was 7. in acidified samples (Figure 2) .
For magnesium, we considered five of 77 samples to be outliers with differences of 1.4, 1.2, 0.9, -0.5, and -0 
Discussion
Our results confirm the predictions, based on solubility properties, that uric acid can precipitate at low pH values or high concentrations and that calcium and oxalate can precipitate at high pH values or high concentrations.The calcium can essentially be fully redissolved by acidifying and heating the urine sample and the uric acid by alkalinizmg and heating, even after storage of the specimen, as has been suggested anecdotally by others (13, 14) . For oxalate, we suggest that the specimen be acidified on the same day the urine is collected, to avoid the increases in oxalate that might occur in alkaline urine. The incidence of clinically significant errors in the assessment of calcium or uric acid excretion from urine collected without preservative depended on how long the samples were stored before analysis; moreover, the samples that tended to give the greatest errors were those with higher concentrations of analyte. These findings are consistent with the known solubility properties of these anialytes and suggest that the incidence of erroneous values would be greater in patients with renal calculi who have high urinary concentrations of calcium, oxalate, and (or) uric acid (19) .
The protocol we used-sequential acidification and alkalinization with heating-allows accurate determination of calcium, oxalate, and uric acid in the same specimen of urine. An alternative procedure of removing separate aliquots for the addition of acid or base presented problems in obtaining a homogeneous sample, owing to settling of precipitates. Alkalinization of the urine to pH 11 instead of 10 decreased the uric acid concentration (data not shown); presumably, uricase procedures with better buffering would allow the use of a higher pH, but we did not assess this.
Our experience with magnesium and inorganic phosphorus suggests that acidification would be prudent, but not as important as it is for calcium and oxalate. Reports of erroneous values for magnesium and phosphorus in alkaline infected urmnes (7) lead us to recommend using acidified aliquotsforthese analytes. Values for creatinine tend to be lower in acidifiedor alkalinized samples than in untreated unines. This influence of pH has been predicted from studies of aqueous solutions (19, 20) , but to our knowledge it has not been reported for urine samples.
On the basis of our preliminary data and those of Hodgkinson (7), acidification of urine to pH 1.5 will provide accurate values for oxalate but pH 2.5 to 3 will not.
In summary, erroneous values may be obtained for calcium, oxalate, and uric acid in urine specimens collected without added acid or base. Separate urine collections in acid or alkali can provide for accurate determinations, but will necessitate multiple collections of urine. Instead, we recommend that a procedure of sequential acid and alkali treatment with heat be used for urine specimens collected without preservatives. We recommend assay of calcium, oxalate, magnesium, and phosphorus in the acidified sample, uric acid in the alkalinized sample, and creatinine in an untreated aliquot. This laboratory handling of urine sample should lead to more nearly accurate values, for both clinical and research purposes, at far less inconvenience and cost to the patient.
